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Introduction 

The  Cropland  Availability  Coirponent  of  the  National  Interregional 
Agricultural  Projections  (NIRAP)  system  projects  changes  in  the  cropland 
base.    Additions  to  cropland  include  conversion  of  pasture  and  range  and 
forest  land,  including  development  of  irrigated  cropland,  while  losses 
of  cropland  include  urban  expansion,  highway  construction,  airport  con- 
struction, reservior  development,  surface  mining,  recreation  and  wildlife 
reserves,  vacation  home  developments,  and  loss  of  irrigated  cropland. 

A  critical  review  of  the  carponent  by  this  author  identified  two 
major  types  of  revisions  needed.    The  more  inportant  was  and  still  is 
the  inclusion  of  economic  variables  in  the  carponent.    The  variables 
would  explain  cropland  increases  and  decreases  by  the  economic  condi- 
tions both  on  and  off  the  farm.    To  do  this  a  model  of  farm  level 
decisions  would  iDe  used  and  would  likely  include  opportunity  costs  of 
cropland.    Utimately  the  revision  would  link  the  Cropland  Availability 
Conponent  with  the  Land  Use  Conponent  of  NIRAP.    Even  though  seme  work 
has  been  done  on  the  linkage*    this  revision  is  viewed  as  long  range. 

A  more  immediate  revision  involved  inprovei^ent  of  some  of  the 
sections  of  the  present  conponent.    This  revision  was  essentially  one 
of  updating  the  land  data  base  with  information  from  research  and 
surveys  conpleted  and  data  made  available  since  1969  the  most  recent 
year  of  the  data  in  the  carponent  prior  to  revision.    This  working 
paper  is  the  product  of  that  activity, 

*The  preliminary  work  on  a  model  to  provide  consistent  projections  of 
energy  demand,  energy  prices,  and  agricultural  production,  has  been  carried 
out  by  Michael  Jaske,  Clifford  Carman,  Austin  Fox,  and  Thomas  Van  Ardsdall 
of  the  National  Economic  Analysis  Division,  ESCS,  USDA. 
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The  task  was  twofold.    First,  the  cropland  data  base  for  each  state 
had  to  be  updated  and  recreated  in  a  form  corpatible  with  the  conponent. 
This  included  estimating  irrigated  and  non-irrigated  cropland,  creating 
the  data  base  for  the  increase  in  non-irrigated  cropland,  and  deriving 
the  cofficients  for  the  urban  expansion  section. 

Secondly,  this  data  base  had  to  be  carefully  documented  as  to  sources 
and  methods.    Lack  of  detailed  documentation  of  the  existing  corrponent 
has  made  assessment  and  verification  of  its  coefficients  and  projections 
inpossible. 

This  working  paper  is  a  replacement  for  sane  of  the  documenta- 
tion of  the  conponent:  it  includes  a  new  section  on  the  calculation  of 
the  cropland  base,  a  section  on  increase  in  non-irrigated  cropland, 
and  one  on  the  cropland  reduction  resulting  from  urbanization  section. 
The  revision  is  a  product  of  recent  research  results  and  conparison  of 
different  sources  of  data.    It  is  a  significant  inprovement  over  the  old 
documentation. 

The  Cropland  Base 

In  the  Spring  and  Summer  of  1977,  the  cropland  base  existing  in 
the  conponent  was  updated  from  1969  to  1974.    The  data  source  was  the 
U.S.  Department  of  Commerce  Census  of  Agriculture.    The  Census  is 
published  every  five  years,  thus  the  base  should  be  updated  accordingly. 

However,  the  feeling  is  that  the  1974  Census  was  highly  underenumerated, 
such  that  it  became  desirable  to  use  an  alternative  data  source.    The  1969 
cropland  base  in  the  conponent  was  thus  replaced  with  the  1974  ESCS  Land 
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Data  Base.  1/    This  based  is  also  available  every  five  years,  corresponding 
with  the  Census  publication.    The  ESCS  data  is  provided  at  the  national, 
regional  and  state  levels,  and  includes  all  land  uses  as  well  as  cropland 
broken  dcwn  into  its  various  use  coirponents. 

One  drawback  of  the  ESCS  data  is  the  lack  of  quantities  of  irrigated 
acreage.    This  information  is  needed  to  make  projections  of  the  irrigated 
cropland,  and  nonirrigated  cropland  from  which  cropland  is  taken  out  of 
production.    A  procedure  was  therefore  devised  to  generate  irrigated  and 
nonirrigated  cropland  acreages,  consistent  with  the  1974  data,  for  states 
in  which  the  amount  of  irrigated  crc^land  acreage  is  assumed  to  be  signi- 
ficant.   The  procedure  is  presented  belcw  and  the  results  are  shewn  in 
Table  1. 

1)  For  each  state,  the  ratio  of  the  1974  Census  cropland  to 
1974  Census  total  land  in  farms  was  calculated.  (1974 
Census  data  used  was  preliminary.)    This  percentage  was 
applied  to  ESCS  estimates  of  total  cropland  to  arrive  at 
an  adjusted  "land  in  farms"  for  each  state. 

2)  For  each  state,  the  ratio  of  irrigated  land  to  land 
in  farms  from  the  1974  Census  was  determined.  The 
percentage  derived  was  applied  to  the  above  adjusted 
land  in  famns,  consistent  with  the  ESCS  estimate,  to 
calculate  an  adjusted  irrigated  land. 

3)  In  Volume  IV  (Irrigation)  of  the  1969  Census,  Table  6 
reports  irrigated  non-cropland  pasture  for  Class  1-5 
farms.    The  ratio  of  irrigated  noncropland  pasture 
to  1969  irrigated  land  was  found  for  Class  1-5  farms. 
This  was  used  as  a  percentage  for  the  state  and  applied 
to  the  1969  Census  figure  for  total  irrigated  land  in 
the  state  to  get  the  total  state  irrigated  noncrcpland 
pasture.    This  1969  state  irrigated  noncropland  pasture 
was  substracted  from  1974  Census  irrigated  land  to  deter- 
mine the  1974  net  irrigated  cropland.     (The  assuirption 
made  is  that  the  amount  of  irrigated  noncrc^land  pasture 
does  not  change. ) 

4)  The  ratio  of  1974  net  irrigated  cropland  to  1974  Census 
irrigated  land  was  determined  for  each  state.  The 
percentage  derived  was  applied  to  the  adjusted  irrigated 
land  in  (2)  to  arrive  at  a  1974  adjusted  irrigated  cropland. 
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5)  The  1974  adjusted  irrigated  cropland  was  substracted  from 
the  BSCS  1974  crcpland  estimtes  to  get  adjusted  nonirrigated 
cropland . 

6)  The  1974  adjusted  irrigated  and  nonirrigated  cropland  was 
entered  into  the  coirponent  as  the  1974  irrigated  and  non- 
irrigated  cropland  base. 

An  exanple  of  the  calculations  for  Kansas  are  as  follows: 

Exanple 
1 )  Kansas 

1974  Census  Cropland         =    29,731,000    ^    .6252  ^  Ratio 
1974  Census  Land  in  Farms  47,553,071 

1974  ESCS  Cropland    ^    31,826,000    ^    50,905,310.3  ^  1974  Adjusted 
Ratio  1  .6252  Land  in  Farms 

2)  1974  Census  Irrigated  Land    ^    1,988,193    ^  .0418 
1974  Census  Land  in  Farms  47,553,071 

50,905,310.3    X    .0418    =  2,127,841.97  =  1974  Aajusted  Irrigated  Lane 

3)  1969  Irrigated  Noncropland  Pasture  Class  1-5    ^       6,200        ^  0041 

1969  Irrigated  Land  Class  1-5  1,516,724 

1969  Irrigated  Land,  State  =  1,522,377 

1,522,317  X  .0041  =  6241.50  =  1969  Irrigated  Noncropland  Pasture,  S 
1,988,193  -  6241.50  =  1,981,951.5  =  1974  Net  Irrigated  Crcpland 

4)  1974  Net  Irrigated  Cropland    ^      1,981,951.5    ^  .9969 

1974  Irrigated  Land  1,988,193 

1974  Adjusted  Irrigated  Land  =  2,127,841.97 

.9969    X    2,127,841.97    =    2,121,245.66  =  1974  Adjusted 

Irrigated  Cropland 

5)  1974  ESCS  Cropland  =  31,826,000 

31,826,000    -    2,121,245.66    =    29,704,754.34    =  1974  Adjusted 

Nonirrigated  Croplanc 
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Land  Increase  Model 

The  land  increase  model  is  delineated  in  the  old  cc^rponent  as: 
"ANt_^    =    4-1  (Bt-l) 
where : 

AN^_2     =    acreage  increase  in  non- irrigated  crcpland 
resulting  from  resource  developnent  between 
year  t-1  and  year  t. 

d^_]_    =    the  proportion  of  the  remaining  acreage  base  (B) 
shifting  to  cropland  fron  one  year  to  the  next. 

B^_]_    =    remaining  acreage  of  pasture  and  range  land  in 
soil  capability  class/subclass  I,  lie,  and  IIw 
and  in  commercial  forest  classes  I  and  lie 
during  the  previous  year.    B^_-l  is  obtained  by 
subtracting  AN^I^  from  B^_2,  i.e., 

B^-i  =  B^_2  " 

It  was  assumed  that  any  increase  in  nonirrigated  cropland  would  be 
developed  primarily  fron  land  Classes  I-III  acreages  of  pasture  and  range 
and  forest.  2/     The  definition  of  other  land  2/    resulted  in  the  assuirp- 
tion  that  this  use  would  be  a  base  for  very  little  cropland  development. 
The  amount  of  other  land  in  1967  was  very  small  in  the  nonirrigated 
states  delineated  by  the  coirponent.  4/   Most  of  the  Class  I  land  in  the 
relevant  regions  was  already  in  cropland  in  1967.  5/    Of  the  land  c^a- 
bility  subclasses,  there  has  been  more  development  on  subclass  w  than 
on  subclass  e  in  the  humid  areas  of  the  country.    Subclass  e  cropland 
has  been  reverting  back  to  forest.  6/ 

These  considerations  necessitated  a  change  in  the  definition  of  the 
base  for  cropland  development  which  presently  exists  in  the  coirponent. 
Currently,  cropland  is  developed  from  Class  I,  lie  and  IIw  pasture  and 
rangeland  and  Classes  I  and  lie  canmercial  forest.    The  base  was  redefined 
to  include  Class  III  land  and  subclass  w  forest  for  some  regions. 


Base  for  Cropland  Development 


Assunptions  were  made  for  each  region  regarding  land  classes  and  sub- 
classes which  would  be  converted  to  cropland.    These  assuirptions  reflect 
land  classes  converted  in  the  past,  data  from  the  1967  National  Inventory 
of  Soil  and  Water  Conservation  Needs  (CNI)  and  the  1975  Potential  Cropland 
Study  (PCS),  and  judgments  by  knowledgeable  persons.  6/  ^ 
The  assuirptions  and  corresponding  land  classes  subclasses  were  as  follows: 

REGION  CLASS/SUBCLASS  ASSUMPTIOJS  I 


Pasture  &  Range  Forest 

Lake  States  I,  He,  IIw  I,  IIw 

Com  Belt  I,  He,  IIw,  I,  II,  Hw 

Hie 


^palachian  I,  IIw 


I 


Wetlands  in  the  southern 
part  of  the  region  have 
the  greatest  potential. 

Substantial  amounts  of 
erosion-prone  land  with 
wetness  problems  could  be 
develc^ed  for  cropland. 
Most  of  Class  III  land  was 
already  in  cropland  in  1967, 
but  there  remained  some 
Ille  pastureland  in  1967 
which  could  be  converted. 

iMost  of  the  land  with 
potential  for  develc^ent 
as  cropland  is  in  Virginia 
and  North  Carolina,  and  is 
located  in  the  coastal  plar 
and  tidewater  areas. 

Over  10  million  of  the  34.5 
million  Class  I-III  noncropj 
land  acres  in  1967  were 
woodland  prone  to  erosion. 
He  forest  was,  therefore, 
omitted. 


Southeast  I,  He,  IIw  I,  IIw 
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Delta  I,  IIw 


I,  lie,  Ilw     In  1967,  more  cropland  was 

subclass  w  than  e.  Substan- 
tial acreages  are  being 
developed.    Potential  crop- 
land is  located  primarily 
in  the  Mississippi  Alluvial 
Valley.    Since  1969,  there 
has  been  soiie  increase  in 
cropland  developed  from 
subclass  e  in  the  Delta,  a 
reversal  of  the  trend  of 
decreasing  crc^land  on  that 
subclass  between  1944  and 
1969.    It  was  assumed  that 
the  potential  subclass  e 
land  was  Class  II  forest. 


Alaska,  Hawaii  I,  lie,  IIw  I,  IIw 

The  assurrptions  for  each  region  were  applied  to  each  state  in  the 
region.    The  1967  CNI  acreages  in  the  above  land  classes/subclasses  became 
the  1967  base  for  crc^land  development.  (Table  2) 

Land  Use  Change  Data 

The  1975  PCS  was  not  designed  to  be  statistically  reliable  at  the 
state  level.    Thus,  the  PCS  regional  data  for  land  conversion  to  cropland 
fron  1967  to  1975  was  used  to  develcp  the  coefficients  for  the  proportion 
of  the  remaining  base  shifting  to  cropland  annually. 

The  1975  Soil  Conservation  Service  PCS  Table  11*  of  land  converted  to 
crc^land  by  regions  1967  to  1975  includes  capability  Classes  I-VTII.  Since 
the  conponent  was  modeled  to  assume  that  only  some  classes  of  pasture  and 
range  and  forest  will  be  converted  to  cropland  in  the  future,  the 

*  Unpublished  data  from  Soil  Conservation  Service,  conpiled  by  Linda  Lee, 
USDA/ESCS/NRED,  1977. 


Table  2.    Base  for  Cropland  Developnent 


State  and  Region 


Acres 


Michigan 

1,831,356 

Wisconsin 

2,326,746 

Minnesota 

1,799,595 

Lake 

5,957,697 

Ohio 

1,919,753 

Indiana 

2,323,259 

Illinois 

2,846,823 

Iowa 

2, 612, 835 

Missour  i 

4,733,347 

Corn  Belt 

14,753,182 

Virginia 

889,350 

West  Virginia 

134,178 

North  Carolina 

1,055,879 

Kentucky 

688,959 

Tenneesse 

952,739 

Appalachian 

14,436,017 

Florida 

856,750 

South  Carolina 

1,781,376 

Georgia 

2,241,590 

Alabama 

2,012,738 

Southeast 

6,892,454 

Louisiana 

5,872,223 

Mississippi 

4,845,812 

Arkansas 

4,944,217 

Delta 

15,662,252 

Alaska 

14,161 

Hawaii 

14,140 

28,301 
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percentages  in  these  classes  (depending  on  the  assunptions  from  above) 
were  applied  to  the  acres  converted  to  cropland  from  previous  uses  to 
determine  acreages  converted  to  cropland  from  each  use  in  the  relevant 
classes.    The  resulting  acreages  were  summed  over  the  uses  to  determine 
the  regional  acreage  converted  to  cropland  1967  to  1975. 

Note  that  in  the  ^^alachian  Region,  only  Virginia  and  North  Carolina 
are  assumed  to  have  increases  in  nonirrigated  cropland  in  the  future. 
All  states  in  the  region,  hc^ever,  are  included  in  the  base  for  cropland 
develc^ent  as  they  all  have  sane  potential  cropland.  The  conversions  1967 
to  1975  of  Classes  I  and  Iw  pasture  and  range  and  Class  I  forest  from 
Table  11  of  the  PCS,  hovever,  are  weighted  by  the  percent  of  the  base 
accounted  for  by  Virginia  and  North  Carolina  (26%).    Thus,  to  determine 
the  d^_j_  for  1967  to  1980  only  the  1967  to  1975  conversions  in  Virginia 
and  North  Carolina  are  considered.  Land  use  change  for  the  entire  United 
States  was  used  to  represent  Alaska  and  Hawaii.    The  sum  of  the  bases  for 
cropland  development,  including  Alaska  and  Hawaii,  was  the  national  base. 
The  acres  converted  nationally  1967  to  1975  were  calculated  for  Table  11 
PCS  assuming  Classes  1,  2,  and  3  of  pasture  and  range  were  converted, 
and  Classes  1  and  2  of  forest.    Then,  since  Alaska  and  Hawaii  represented 
only  .04%  of  the  base,  the  conversion  calculated  above  was  weighted  by 
.04%  to  determine  the  acres  converted  in  Alaska  and  Hawaii  1967  to  1975. 

The  calculations  and  resulting  regional  acreage  of  land  converted  to 
crc^land  1967-1975  are  as  follows: 
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Jri^l\Jr\il  dilU  rvrUNoili 

l.\J Lfu-i  ri*^«r\CjO    vJUl  J  VLjX\l£,iJ 

Lake 

(♦zy  X  z,zJb/UUU; 

T 

\  .JO 

X  1,J.Dj/UUU; 

—  i,uyu,jou 

uom  ceiu 

(./D   X  4/yjU/UUUj 

4_ 
T 

^  .  40 

X    i.  ,  jUU  ,  UUU  ) 

—  4  "570  son 

—  ^  fO  i\j  ,oUU 

/ippaJLadl  xcil  1 

\  .  JLU^ 

X  1  907  nnn^ 

Scxatheast 

( .DO  X  i,o / J ,uuu ; 

+ 

/  /in 
\  .4U 

X  Z,ZZU,UUU; 

Delta 

(.60  X  1,638,000) 

+ 

(.63 

X  2,104,000) 

=  2,308,320 

Alaska 

and  ( 
Havvaii 

.68  X  31,869,000  x  .0004) 

+ 

(.35  X 

10,955,000  X 

.0004)  =  10,202 

Since  the  land  use  change  data  is  one  estimte  of  a  two-period  change 
and  other  tiine  series  are  not  available  on  cropland  conversion,  statistical 
tools  such  as  e^onentials,  moving  averages,  Spillman  functions,  double 
e}^XDnential  smoothing  etc.,  to  project  cropland  development,  are,  not 
applicable.    Instead,  the  average  annual  conversion  1967  to  1975  as  a 
percent  of  the  total  potential  cropland  for  each  region  was  determined 
and  used  as  the  d^_^  coefficient  for  each  state  within  the  region  (with 
the  exceptions  of  Florida,  Mississippi,  Arkansas,  Louisiana,  and  Hawaii) 
and  it  was  assumed  that  this  prcportion  would  continue  through  1980. 

It  was  assumed  that  after  1980,  cropland  development  would  decline 
for  all  states.    Ibis  assumption  is  based  on  the  declining  cropland  acreage 
from  1969  to  1974  in  all  regions  except  the  Southeast  and  the  Delta.  It 
was  assumed  that  by  1980  these  two  regions  would  also  begin  to  experience 
a  decline  in  cropland  acreage.    The  assuirption  was  made  that  the  rate  of 
nonirrigated  cropland  develcpir^nt  varies  directly  with  cropland  acreage 
change,  such  that  after  1980,  the  rate  of  cropland  development  would 
decline  for  all  states.    For  all  states  except  those  in  the  Southeast 
and  the  Delta,  the  average  annual  regional  percentage  decrease  in  crop- 
land 1969  to  1974,  was  used  to  reduce  the  d^_-^  for  1967-1980  to  determine 


13 

the  d^_j_  for  1981-2000.    This  1981-2000  coefficient  was  then  reduced  by 
the  same  percentage  to  determine  the  d^_j_  for  2001-2020.    For  the  Southeast 
and  the  Delta  region,  the  national  percentage  decrease  in  nonirrigated  crop- 
land acreage  1969-1974  was  used  to  determine  the  d^_-j_  coefficients  for 
1981-2000  and  2001-2020  in  the  above  described  manner. 
Therefore, 

4-1  =  4-1  .   -     ^  4-1  ) 

current  period  previous  period  previous  period 

^Vhere: 

y  =  regional  (national  for  the  Southeast  and  Delta)  average 
annual  percentage  decline  in  cropland  1969-1974. 

Results  are  in  table  3. 
Example : 

Michigan's  1967  inventory  of  1,831,356  in  the  relevant  land  capability 
classes  noted  above  is  the  i^i^^-j)  value. 
Thus: 

^1967  =  .0228(Bj_9g7) 

=  .0228(1,831,356  -  41,754) 

=  41,754 
^1968  =  .0228(1,831,356) 

=  40,802 
and  for  subsequent  years 
^1980  =  •227{Bt_i) 

II  fl 
II  II 
II  II 

AN2001  =  .0226{B^_i) 
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When  coirparing  this  revision  to  the  old  model  the  results  of  the 
changes  to  the  "Increase  in  Nonirrigated  Cropland"  section  of  the  com- 
ponent will  tend  to  overstate  the  1974  NIRAP  estimates  because  of: 

1)  the  difference  between  the  original  definitions  of  the 
base  for  cropland  development  and  the  proposed  definitions, 
and 

2)  the  higher  d^_3_  conversion  coefficient  of  the  proposed 
revision  as  conpared  to  the  original  documentation. 

The  merit  of  the  proposed  revision  is  that  it  is  at  least  an  iirprove- 

ment  in  documentation  of  sources  of  data  and  reasons  for  assumptions. 


Cropland  Reduction  Resulting  from  Urbanization 
Current  Methodology 

Cropland  reduction  as  a  result  of  urban  expansion,  by  state,  is 
determined  by  the  existing  conponent  as: 


't-1 


Where: 


(Pt  -  Pt-1 
1^ 


Where: 


[y(Pi 


t-1 


[L 


reduction  in  cropland  acreage  resulting  from  urban 
grcwth  between  year  t-1  and  year  t; 

coefficient  of  urban  land  requirements  per  capita; 

change  in  population  between  year  t-1  and  year  t; 

coefficient  denoting  cropland's  share  of  total 
land  in  the  state's  consolidated  SMSA's,  and  in 
sinplified  form,  the  reduction  in  cropland  as  a 
result  of  urbanization  is  determined  as 


=  Z  (AP^_-^) 


Z  =  (r)  (1^) 


AP 


t-1  =  (Pt  -  Pt-r 
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The  current  methodology  includes  a  population  subroutine  which  assunres 
that  the  shares  of  population  of  irost  states  remains  the  saire  as  it  was  in 
1969  with  the  exception  of  six  states.    Examination  of  state  shares  over 
time,  however,  found  that  shares  in  some  other  states  were  changing  as  well. 
The  proposed  methodology  would  allow  for  changing  state  shares  for  any  state 
\^ere  appropriate.    It  should  be  noted  that  a  new  population  model  is  being 
develcped  which  might  replace  both  the  old  methodology  and  the  methodology 
proposed  herein. 

Proposed  Methodology 

An  urban  land  use  coefficient  is  a  measure  of  the  acreage  added  to 
urban  areas  for  a  one  person  increase  in  the  population  and  is  determined 
by  the  fonaila: 

A2  -  Ai 

^2-  Pi 
T2  -  Ti 

Where: 

A2    =    the  urban  land  in  a  state  in  the  second  time  period ;" 

A-L    =    the  urban  land  in  a  state  in  the  first  time  period ; 

T2    =    the  later  time  period,  in  this  case,  1970 

T-]_    =    the  earlier  time  period,  in  this  case,  1960  ; 

P2    =    the  population  of  a  state  during  1970  ; 

PjL    =    the  population  of  a  state  during  1960-'-^. 
The  area  in  urban  places  data  wsre  provided  by  ESCS  9_/,  and  uses  the 
Bureau  of  the  Census  definition  of  urban,  excluding  places  of  1,000-2,500 
population.    The  ESCS  data  are  "based  on  area  data  reported  by  the  Bureau 
of  the  Census  for  urbanized  areas  and  other  places  2,500  or  more  popula- 
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tion.    Estimates  [for  different  years]  are  not  strictly  coirparable  because 
of  changes  in  Census  definition  of  urbanized  areas  and  some  variation  in 
methods  of  adjustment  by  ESCS."  9/ 

The  population  in  urban  places  data  were  taken  from  the  Bureau  of 
the  Census,  Census  of  Population.    Urban  land  use  coefficients  were 
determined  for  each  state  (Table  4).    Regionally,  the  coefficients  were 
Icwest  for  the  Northeast  (Maine  and  Vermont  were  omitted  in  the  calcula- 
tion because  of  their  high  coefficients,  which  were  assumed  atypical  of 
the  region)  and  the  Pacific,  and  highest  for  the  Northern  Plains  and  the 
Mountain  regions,  with  the  Delta  region  third  highest. 

Note  that  some  of  the  coefficients  are  higher  than  one  would  have 
expected  10/.    Some  of  this  can  be  explained  by  the  fact  that  cropland 
has  been  abandoned  to  grass  and  woods  at  a  rate  more  significant  than 
urbanization  of  cropland.  11/    For  example,  such  states  as  Maine, 
New  Hanpshire,  Vermont  and  Pennsylvania  fit  this  case.  Likewise, 
urbanization  in  the  Delta  may  have  been  obsured  by  new  crcpland 
development.  12/    Given  these  possible  problems  an  alternative  was 
needed  for  a  measure  of  urbanization's  impingement  on  cropland,  an 
alternative  that  would  give  more  weight  to  current  (1970)  land  use. 

Inverse  Density 

Inverse  density  is  the  ratio  of  area  to  peculation,  in  this  case 
acreage  in  urban  places  to  population  in  urban  places.    The  1960  and  1970 
densities  were  calculated  for  each  state.    The  density  developed  for  incor- 
poration into  the  cropland  availability  conponent  as  the  urban  land  require- 
ment coefficient  y  was  a  weighted  sum  conposed  two-thirds  of  the  1970  density 
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Table  4.    Urban  Land  Use  Coefficients  1960-1970 


Maine 

12.85 

South  CptoI  "i  Dri 

.59 

Npw  H^TTTn<=;h  i 

1.52 

35 

Vermont 

2.71 

Florida 

.31 

Massachusetts 

.44 

Alabama 

.02 

Rhode  Island 

.38 

Southeast 

.32 

Connecticut 

.39 

New  York 

.20 

Mississippi 

.81 

New  Jersey 

.22 

Arkansas 

.56 

Pennsylvania 

.83 

Louisiana 

.15 

Delaware 

.21 

Delta 

.51 

Maryland 

.25 

Northeast 

.49 

OklahciTia 

.16 

Texas 

.15 

Michigan 

.31 

Southern  Plains 

.16 

Wisconsin 

.24 

Minnesota 

.33 

Alaska 

.57 

Lake  States 

.29 

Hawaii 

.40 

Ohio 

.34 

Indiana 

.58 

Montana 

.69 

Illinois 

.36 

Idaho 

.47 

Iowa 

.24 

^^cxiiing 

1.00 

Mi  QconTi 

.59 

Cnl  r)r"r5do 

.32 

Com  Belt 

.42 

New  Mexico 

.66 

A3^i7nna 

.28 

North  Dakota 

.40 

Utah 

.42 

South  Dakota 

.63 

Nevado 

.44 

Nebraska 

.33 

Mountain 

.54 

Kansas 

.81 

Northern  Plains 

.54 

Washington 

.33 

Oregon 

.28 

Virginia 

.38 

California 

.19 

West  Virginia 

-.25 

Pacific 

.27 

North  Carolina 

.46 

Kentucky 

.41 

Tennessee 

.63 

Appalachian 

.32 
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Table  5.    Inverse  Density 


State/Region  : 

ly  /U  : 
Inverse  Density  : 

lybU 

Inverse  Density  : 

Weigh ted 
Inverse  Density 

Maine 

.  jy 

•  ZZ 

,66 

New  Hanpshire 

•  Jo 

.16 

.zy 

veriTionL. 

9Q 

•  zy 

.±3 

•  Z4t 

Massachusetts 

.18 

.15 

.17 

Rhode  Island 

.18 

.16 

.17 

L-onnec,  L.J.CU  u 

.ZJ. 

.  JLo 

« zu 

New  York 

•  lU 

HQ 

.uy 

.lU 

New  Jersey 

•  lo 

.1  / 

1  o 
.lo 

Pennsylvania 

.16 

.13 

.15 

Delaware 

.20 

.19 

.20 

Maryland 

.Id 

•  Iz 

.14 

Northeast 

•  lb 

•  Iz 

1  A 

.14 

Michigan 

.19 

1  "7 

.17 

.lo 

Wisconsin 

.Z  J 

•  Z  J 

.Z  J 

Minnesota 

.27 

.26 

.27 

Lake  States 

.21 

.20 

.21 

Ohio 

.21 

.19 

.20 

Indiana 

.23 

.17 

.21 

Illinois 

.15 

.12 

.14 

Icwa 

.28 

.28 

.28 

Missouri 

.22 

.17 

.20 

v^om  oeiu 

1  Q 

.j.y 

•  Id 

.lo 

North  Dakota 

.22 

.17 

.20 

oouun  uaKOLa 

.zo 

.  zZ 

.  Zo 

Nebraska 

.28 

.16 

.24 

Kansas 

Oil 

•  z4 

.±o 

•  ZZ 

Northern  Plains 

.23 

.18 

.21 

Virginia 

.24 

.22 

.23 

West  Virginia 

.21 

.19 

.20 

North  Carolina 

.29 

.25 

.28 

Kentucky 

.22 

.18 

.21 

Tennessee 

.30 

.23 

.28 

i^palachian 

.26 

.22 

.25 
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Table  5  Inverse  Density  (Continued) 


• 

State/Region  : 

ly  /u  : 
Inverse  Density  : 

lybu 

Inverse  Density  : 

weignted 
Inverse  Density 

South  Carolina 

.33 

.26 

.31 

Georgia 

•  23 

.28 

.29 

r loriaa 

•  Zo 

.ZD 

Alabama 

.32 

.36 

.33 

Southeast 

.28 

.27 

.28 

Mississippi 

.35 

.26 

.32 

Arkansas 

.  j4 

.Z7 

•  JZ 

Louisiana 

oi 
•  Zl 

.ZZ 

•  Zl 

Delta 

.Z4 

•  Zo 

OklahOTia 

Texas 

.  Jl 

•  Zo 

Southern  Plains 

.28 

.31 

.29 

Montana 

.Id 

1  Q 

laano 

0*7 
.Z  / 

•  Z  J 

9<; 
•  ZO 

Wyoming 

.z4 

.ly 

•  ZZ 

Colorado 

.19 

.15 

.18 

New  Mexico 

.31 

.27 

.30 

Arizona 

.29 

.29 

.29 

Utah 

.25 

.21 

.24 

Nevada 

.31 

.19 

.27 

Mountain 

.25 

.21 

.24 

Washington 

.24 

.21 

.23 

Oregon 

.23 

.21 

.22 

California 

.17 

.17 

.17 

Pacific 

.18 

.18 

.18 

Alaska 

.32 

.16 

.26 

Hawaii 

.19 

.13 

.17 
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and  one-third  of  the  1960  density  (Table  5).    This  coefficient  was  assumed 
to  hold  throughout  the  projection  period.  (The  weights  were  arbitrary,  but 
were  chosen  to  reflect  the  inportance  of  the  more  recent  period,  while  at 
the  saine  time  danpening  that  situation  for  the  future,  giving  some  signifi- 
cance to  the  recent  past,  but  not  weighting  the  recent  past  and  current 
(in  this  case  1960  and  1970),  respectively,  equally.)    Note  that  in  the 
Southern  Plains  the  percent  population  increase  was  much  greater  than  the 
percentage  increase  in  urban  land,  resulting  in  lower  inverse  density  in 
1970  relative  to  1960. 

State  Share  of  Cropland 

The  coirponent  assumes  cropland's  share  in  SMSA's,  by  state,  is  con- 
stant over  time.    The  shares  were  developed  using  1969  data  on  state  SMSA 
crc^land  acreage  and  1970  total  state  SMSA  data  because  these  were  the 
two  sources  most  conparable.    This  data  is  being  estimated  for  1974,  with 
data  on  counties  which  moved  into  SMSA's  since  1970  and  the  corresponding 
acreage  changes.    As  more  counties  are  included  in  SMSA's,  for  many 
regions  and  states  agricultural  counties  as  a  percent  of  total  counties 
in  SMSA's  is  increasing,  so  that  cropland's  share  in  the  SMSA  is  increas- 
ing.   The  projections,  therefore,  may  underenumerate.    If,  however,  the 
shares  in  the  coirponent  are  trended  up,  eventually  all  cropland  would 
be  within  SMSA's.    Because  of  these  considerations,  the  assunption  of 
constant  shares  was  utilized  for  the  55  year  projection  period.  Future 
modification,  when  better  data  are  available,  should  perhaps  include  a 
form  of  growth  function  to  account  for  additions  of  counties,  and 
possibly  cropland,  to  SMSA's.    A  growth  function  would  increase  the 
cropland  share  at  a  decreasing  rate. 
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It  is  assumed  that  for  all  regions,  except  the  Delta,  any  loss  of 
crc^land  to  urban  use  will  result  in  a  reduction  of  cropland  in  Standard 
Metrcpolitan  Statistical  Areas  (SMSA)  only,  and  that  the  reduction  occurs 
only  frcm  nonirrigated  crc^land.    >fc)st  of  the  regional  population  increase 
1960  to  1970  occuinred  in  SMSA's.    In  the  Delta,  hcwever,  only  a  little  over 
53%  of  the  increase  occurred  in  SMSA's.  13/ 

For  wost  nonirrigated  states  the  share  of  cropland  in  the  state's 
consolidated  SiMSA's  was  the  ratio  of  1969  state  total  crc^land  in  SMSA's 
from  the  Census  of  Agriculture  to  1970  state  total  SMSA  acreage.    The  cal- 
culation of  the  shares  for  most  nonirrigated  states  is  as  follows: 
Nonirrigated  states 

^SMSA 
1^  =  1969 

SMSA1970 

Where: 

1^  =  crcpland's  share 

Cc,wcA         =  1969  cropland  in  SMSA's 
1969 

Sr4SA297o    =  1970  SMSA  acreage. 

For  Michigan 

1^  =  2,609,000 
10,664,000 

1^  =  .24 

If  we  assume  that  all  reduction  occurs  on  nonirrigated  cropland  for 
the  irrigated  states.    Then  it  is  was  necessary  to  weight  the  cropland  in 
SMSA's  in  irrigated  states  by  a  percentage  to  determine  nonirrigated  crop- 
land in  SMSA's.    In  Table  6  of  Volume  IV  titled  "Irrigation"  of  the  1969 
Census  of  ^riculture,  the  difference  l^etween  the  1969  irrigated  land  in 
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Class  1-5  fanns  and  the  irrigated  noncropland  pasture  in  those  farms  can 
be  assumed  to  be  irrigated  cropland.    The  difference  between  1969  state 
total  cropland  in  Class  1-5  farms  and  the  calculated  irrigated  cropland 
is  1969  nonirrigated  cropland  on  Class  1-5  farms.    The  ratio  of  the  Class 
1-5  1969  nonirrigated  cropland  to  total  Class  1-5  1969  cropland  for  each 
state  was  assumed  to  hold  for  the  state  SMSA's.    Thus,  for  most  irrigated 
states , 

CqpY     R^tio  X  Cgjv^^ 
Where: 

^DRY  "  -^^^^  nonirrigated  cropland  in  SMSA's 
^SMSA     ^^^^  total  SMSA  cropland 


and 

1 


r 


SMSA 
WTiere: 

1^  =  crc^land's  share 
Cqpy  ~  1^^^  nonirrigated  cropland  in  SMSA 
SMSA  =  1970  acreage  in  SMSA 
For  Kansas 

3625 
1^  =  .23 

Thus,  the  1969  share  of  nonirrigated  crcpland  in  SMSA's  of  irrigated  states 
was  determined,  and  was  used  in  lieu  of  cropland's  share  in  SMSA's. 

The  Delta  states,  Wyoning  and  Hawaii  present  an  exception  to  the 
calculations  for  the  irrigated  states.    As  noted  above,  in  the  Delta, 
little  more  than  53%  of  the  population  increase  occurred  in  SMSA's.  No 
SMSA's  existed  in  Wyoming  and  Hawaii.    The  1969  nonirrigated  cropland  on 
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Class  1-5  farms  was  calculated  as  above  for  the  other  irrigated  states. 
The  ratio  of  the  Class  1-5  nonirrigated  cropland  to  total  Class  1-5 
cropland  in  1969  was  assumed  to  hold  for  the  state.    This  ratio  was 
multiplied  by  the  1969  state  cropland  to  determine  1969  state  non- 
irrigated  cropland.    The  ratio  of  the  state's  total  1969  nonirrigated 
cropland  to  total  land  in  the  state  was  used  in  lieu  of  crc^land's 
share  in  SMSA's. 

Delta  states,  Wyoning  and  Hawaii 
1, 


^DRY 


A 

Where: 

1^  =  cropland's  share 

Cj^PY  =  1969  state  nonirrigated  cropland 

A  =  1969  state  acreage 

For  Mississippi 

1^  =  6,551,205 
30,269,440 

1^  =  .21 

There  were  also  no  SMSA's  in  Vermont  and  Alaska  in  1969-1970.  All 
cropland  was  thus  assumed  equally  likely  to  be  converted  to  urban  uses 
in  Vermont  and  Alaska  and  the  share  was  determined  using  total  state 
1969  cropland's  share  of  total  state  1969  acreage. 
Vermont  and  Alaska 

'^-^ 

Where: 

1-^  =  cropland's  share 

C  =  1969  state  cropland 

A  =  1969  state  acreage 


Table  6.    Cropland's  Share  -  Nonirrigated  States 


State  :  1^ 


Nonirrigated  States 

Maine  .04 

New  Hanpshire  .02 

Vernont  .  14 

Massachusetts  . 0  3 

Rhode  Island  .09 

Connecticut  .04 

New  York  .15 

New  Jersey  .09 

Pennsylvania  .16 

Delaware  .20 

Maryland  .16 

Michigan  .24 

Wisconsin  .28 

Minnesota  .11 

Ohio  .27 

Indiana  .34 

Illinois  .42 

Icwa  .46 

Missouri  .27 

Virginia  .05 

West  Virginia  .05 

North  Carolina  .11 

Kentucky  .30 

Tennessee  .17 

South  Carolina  .06 

Georgia  .06 

Alabama  .11 
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Table  7.    Cropland's  Share  -  Irrigation  States 


State  : 

1969  Nonirrigated  : 
Cropland  : 

1969  Nonirrigated 
SMSA  Cropland 

\  1^ 

Irrigated  States 

Delta 

Mississippi 

a  c: c  1  one 

•  zl 

Arkansas 

D /byu , y  /y 

.  zU 

Louisiana 

•  11 

Wyoming 

ooy  f  zzo 

n  1 

.  Ul 

Hawaii 

loy /DUI 

n  "3 
•  U  J 

utner 

Nortn  Daxota 

Q0"7  nnn 
oZ / ,UUU 

.4  / 

ooutn  DaXota 

JU4  f UUU 

"3  "7 

Nebraska 

44  /  ,UUU 

•  ZD 

Kansas 

nnn 

O'l'x  /  UUU 

•  ^  o 

r  xoriaa 

jDD / UUU 

n"^ 

•  u  o 

OKlanoina 

yzi / UUU 

nQ 
•  uy 

Texas 

4,153,000 

.10 

r&JI  ludi  id 

SI  6  000 

.09 

Idaho 

41,000 

.04 

Colorado 

459,000 

.05 

New  Mexico 

7,000 

.006 

Arizona 

115,000 

.006 

Utah 

113,000 

.03 

Nevada 

6,000 

.0004 

Washington 

341,000 

.04 

Oregon 

360,000 

.03 

California 

1,412,000 

.02 

Alaska 

.00006 

27 


For  Vermont 

1^  ^  867,000 
5,931,000 

1^  =  .14 

Summary 

This  working  paper  has  presented  proposed  revisions  of  the  Cropland 
Availability  Conponent  of  the  NIRAP  system.    The  revisions  update  the 
data  base  and  inprove  on  the  existing  documentation.    It  also  changes 
the  definitions  of  sane  of  the  variables  of  the  carponent. 

However,  one  thing  is  clear.    All  projections  of  the  conponent 
are  only  as  reliable  as  the  sources  of  data  fron  which  they  derive. 
The  section  which  presents  the  greatest  problem  for  coefficient  develop- 
ment is  the  "Increase  in  Nonirrigated  Cropland."  The  reliability  of  those 
coefficients  depends  on  a  questionable  source  of  land  use  change  data, 
and  on  inconplete  infornnation  about  potential  cropland  in  a  base  year. 
More  work  is  needed  toward  the  estimation  of  the  coefficients. 
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